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Predicting Roaming Waks in Pharaoh

Pharaoh’ swalkers can drive you mad. 'Y ou know they can make long walks, servicing a huge housing block
or kegping amassive indudtrid block working smoothly, but the little devils persst in teking alot of usdess
short walks or heading resolutely in the worst possible direction. If you have had quite enough of this
nonsense, then read on. Roaming walker behavior can not only be predicted, it can aso be manipulated to
send those miscreants exactly where you want them to go.

Best of dl, no greast mathematica expertise or ingght
into computer program architecture is needed to
tame the roamers. Once you know the tricks and
rules, al you have to do to use them isto count
squares, and Pharaoh players tend to have become
better at square counting than most of us would
have preferred. However, you may need to do a
little preiminary reeding before going any further in
thisdiscusson. If you are not aready familiar with
it, please read Brugl€ s invauable “ Random walker
dart and finish points’ in the Game Help Forum on
PharaohHeaven. Thiswas a ground-breaking
article in roaming-walker research and has saved the
bacon of many a Pharaoh player trying to figure out
why a particularly idiotic roamer was falling to loop
or how in blazes the magigtrate escgped from a
housing block. The text below assumes knowledge
of the walk-start squares described in that
document.

Acknowledgments. | an mos grateful to Brugle
for hiscritical review of an earlier draft of this paper,
which weeded out a good many ambiguities,
inconsstencies and at least one out-right error. If |
managed to snesk any such flaws back into the
atide during itsrevison, that ismy fault. Brugle did
his best to save me.

Walk Modes and Durations

Destination mode. The game manud divides
walkersinto two types, roaming and destination, but
we know that even destination walkers make more
than one kind of walk. Storage yard cartmen on a

“get” go cross-country ignoring roads and using
ferriesas needed. Military companiestravel off
road but will not use ferries. However, the mgjority
of degtination walkers (like farm and industry
delivery men, granary cart pushers, and bazaar
buyers) must travel on roads, may pass through
roadblocks, and may useferries. All roaming
walkers dso enter asmilar kind of destination mode
both during the out-bound haf of many of their
walks (as we will see below) and when returning to
their buildings. In thiskind of destination walk, the
roamer has afixed objective and takes the shortest
available path to it subject to the rules that he must
gtick to roads, may not use ferries, but may pass
through roadblocks. Thisisthe kind of walk that
will be sad to bein destination mode in this
document.

Anindividud wak by aroaming waker switches
modes. Roamers leave ther buildingsin awalk
mode (or modes) that certainly looks rather random
and hard to predict. Here, thiswill be called the
roaming haf of the roamer’ swak. Predicting the
roaming half of aroamer’ swak isthe subject of this
paper. At some point dong his walk, the roamer
reaches a go-home point and switches to (road-
bound, roadblock-violating) destination mode for
the return trip to his building.

Roaming walks and random mode. A smdl
number of the walks made by the roaming wakers
inatypical Pharaoh city have aroaming hdlf of the
walk that isdmogt entirdly in a sngle mode that will
be called random mode here. Roamerswalking in
random mode are free to turn in different directions



unpredictably at intersections, but may not pass
through roadblocks (or use ferries or leave the
road). However, roamers appear capable of
meaking four different kinds of walks for the roaming
haf of anindividud wak, only one of whichisin
nearly pure random mode. Aswe will see below,
one of the roaming walks is made in pure destination
mode and the other two are hybrids, beginning in
destination mode and then switching to random
mode until the go-home poaint is reached.

Roamer endurance classes. Some roamers
amply trave further than others. All roamers can be
grouped into three classes based on the lengths of
their shortest walks. Most roamers are short
walkers. The shortest walk they ever make before
conversion to home-bound destination mode is 26
squares, if you begin by counting the walk-gtart
gquare itsdf as square zero. The game' s medium
walkers are dancers, jugglers, musicians, senet
players, tax collectors, and zoo keepers. Their
shortest walks last 35 squares to the go-home point.
Long walkers include the architect, fireman,
policeman, and magidtrate. On their shortest walks,
they travel 43 squares before switching to
degtination mode for the journey home. Thetext
below requires frequent reference to the length of
the shortest (default) walk for awaker of agiven
endurance class, so it will be heresfter symbolized
asd.

The Walk Cycle

Routing centers. Each walk executed by a
roamer isformally associated with a semicardind
compass direction, like northeast or southwest in
contrast to acardina direction like due north.
During the generation of each roaming walk, the
agorithm bases its decision about which of the four
kinds of roaming walks the roamer will follow (and
what itsinitid path or direction will be) upon the
pattern of roads that it finds around arouting
center located eight map squares from the north

square of the roamer’ s building in the semicardind
direction formaly associated with the wak. The
largest areathat the dgorithm is prepared to
examine around arouting center is a 13x13 square
area (with the routing center in the very middle)
cdled arouting zone. Usudly, however, the
agorithm does not need to search an entire routing
zone to determine the kind of roaming walk to issue
for the roamer associated with that zone.

Since there are four semicardind directions, each
roamer’ s building has four routing centers eight
squares away from the building’ s north square in
each of these four directions. On successve walks,
the agorithm conaults each of the building' s routing
centers one after the other in clockwise order.
When aroamer-dispatching building isinitidly
placed on the map, we cannot know in advance
which semicardind direction will be thefirst to be
examined by the dgorithm, but if the firgt walk is
associated with the northeast routing center, the next
walk will be associated with the southeast routing
center, which is the next onein clockwise rotation.

Quadrambles. A building has only four different
routing centers, so the algorithm can only generate
four completdy different walks for the building's
roamer beforeit isforced to sart reusing the routing
centers (in the same clockwise order it checked
them for the first four walks). Roaming waks are,
thus, generated in cycles of four walks, in which one
walk per cycleis associated with each of the four
semicarding directions and with the routing center
lying in thet direction from the building. In pogtings
to Pharaoh Heaven, the author coined the term
guadrambles (Latin for “four waks’) for these
wak cycdes. Each of thefour walksina
quadrambleis caled aleg of the quadramble. The
remainder of thiswork is devoted to predicting
individud quadramble legs, but it isimportant to
remember that roaming walkers execute these walks
as part of afour-wak cycle.



Walk-Type Selection

To generate aroaming walk, the agorithm searches
for road squares around the associated routing
center in apredictable order. Thefirst 49 squares
searched within arouting zone are shown in Table 1.
Conceptudly, it is helpful to regard the squares of
the routing zone as being organized into concentric
sguare search rings. Three search rings are shown
using different colorsin Table 1.

Table 1. Thefirg 49 squares around arouting
center that the agorithm checks for roads numbered
in the order in which they are examined. The routing
center (white cell a center) is the fifth square
checked for aroad. North liestoward upper left.

26|27 128|129 |30 |31] 32

331101111213 |14 ) 34

3BJ15]|1 2 3 |16] 36

37117 | 4 5 6 | 18] 38

39119]| 7 8 9 |20 ] 40

41 121 |22 | 23 | 24 | 25 ] 42

43 144 |45 | 46 | 47 | 48 ] 49

The search order shown in the tableis strikingly
smilar to the order in which the game searches for
walk-stop squares (as described by Bruglein
“Random walker gart and finish points’. The
innermogt (yellow in Table 1) searchringis
examined in the same order that the game uses for
seeking walk-finish squares around a 1x1 building,
and the second (green) ring is searched in the same
order in which walk-finish squares are found around
a3x3 building. Walk-finish squares for the labor
recruiter from astorage yard and for apriest froma
temple complex are prioritized in the same order as
map squares within two concentric routing search
rings, dthough they are necessarily incomplete

where the buildings get in theway. This same, |eft-
to-right, top-to-bottom pattern is followed in
searching the rest of the 13x13 routing zone, unless
road discovery terminates the search.

Absent and disconnected roads. If noroadsat all
are found during the search of arouting zone, then a
default walk (see below) is generated for the
quadramble leg corresponding to that zone.
Disconnected roads in a routing zone can aso lead
to the generation of adefault walk. A disconnected
road square is one from which no completely road-
connected path can be traced to the walk-start
suare of awaker’sbuilding. The length of such a
road-connected path isirrelevant to the identification
of aroad as connected or disconnected, asisthe
presence or absence of roadblocks aong that
connecting road. If asearch of arouting zone finds
only disconnected road squares, then a default walk
is generated.

When both connected and disconnected road
sguares occur in arouting zone, then a default walk
isissued if the connected road square closest to the
routing center liesin asearch ring outside the search
ring containing the disconnected road square nearest
to the search center. In addition, the dgorithm’s
search of the routing zone ends after examining the
last square in the search ring containing the first-
found disconnected road square. Until the search of
that ring is complete, however, a connected road
square may ill be discovered.

Default walks. A default wak haslength equa tod
and is entirely in random mode except between the
walk-gtart square and the first square of travel. If
the walk-gtart square fals on a corner or straight
road, initid direction is determined by asmple series
of preferences. NE > SE > NW > SW. If the
walk-gtart square falsin a sraight piece of road, the
roamer’s default initia directiond preferenceon a
Sraight road can be summarized succinctly as“Eadt”.
The addenda provide notes on problems with the
rare case of default walks from three-way



intersections. After the first square of travel on a
default walk, the roamer isin pure random mode.
He does not reverse directions unless adead end or
roadblock forces him to, but otherwise heisfreeto
turn unpredictably at intersections.

Connected roads. When the dgorithm’s search of
arouting zone encounters a connected road square,
the search ends immediately, and that road square
becomes the walk target. The dgorithm adso
identifies the shortest road-connected path, called
the shortest circuit, leading from the building's
walk-gtart square to the walk target. If two different
connecting paths have equd length and shorter
length than all others between wak-gtart and target,
then the shortest circuit is selected as described in
the section on Shortest Circuit Tie-breaking in the
Addenda below.

Shorting dueto blockage. When awalk target
has been identified, the dgorithm searchesthe
shortest circuit for roadblocks from the walk-start
square ether to the walk-target or to the d-th
square, whichever disanceis shorter. If no
roadblock is found, then the length of the shortest
circuit is evaluated as described in the next section.
If aroadblock isfound, then shorting due to
blockage occurs.

A blockage-shorted walk is a hybrid-mode walk
with outbound length equa to d. It beginswith a
destination wak from the walk-start square to the
last square dong the shortest circuit before the
roadblock (or ferry landing, as described below).
On that last walkable square, a conversion occursto
random mode for an additiona number of squares
of travel exactly sufficient to make the total length of
the roaming haf of thewak equd tod. Thelast
square of the random portion of thiswalk is the go-
home point a which the roamer revertsto
degtination mode for the return to his building.
During the degtination mode portion of the roaming
haf of thiswalk, the walker is bound to the shortest
path and is not free to make unpredictable turnsinto

stub roads and the like.

At the outbound mode-conversion point, the
roamer does not reverse direction. If the conversion
occurs in the middle of astraight piece of road, the
roamer just kegps going in the same direction in
which he had been traveling earlier in destination
mode. If the converson occursin the middle of an
intersection, the roamer may choose any of the
avallable roads except the one viawhich he arrived
a the intersection.

Shorting dueto distance. When ablockage-free
walk-target has been identified, the dgorithm
compares the length of the shortest circuitto d. If
shortest-circuit length is srictly lessthan d (not “less
than or equd” to d), then the target is deemed to be
walkable, no shorting occurs, and a grounded walk
(described below) isissued. If shortest circuit length
equals or exceeds d, then shorting due to distance
occurs. A distance- shorted roaming walk has length
d, and remains entirely in destination-mode al the
way to the go-home point. The agorithm sends the
roamer on a destination walk aong the shortest
circuit to the d-th square, which serves as the go-
home point. No unpredictable departures from the
shortest circuit are permitted during this kind of
roaming walk.

Grounded walks. When awalkable target has
been identified, the agorithm generates a grounded
wak. A grounded walk has varigble length ranging
up to 2d-1. A grounded walk is ahybrid beginning
with a destination wak from the walk-gtart square to
thewalk target. Mode conversion occurs on the
walk target square itself, and the roamer continues
for an additiona d squares of travel in random mode.
Again, the roamer isinitidly bound to the shortest
circuit, from which no deviaions are permitted, until
the target square isreached. At the point of
conversion to random mode on the target, the
roamer does not reverse direction but otherwise is
free to choose any other available direction, if the
conversion occursin the middle of an intersection.



Doubly shorted walks. A few walkers can
become “ confused” if they are Imultaneoudy
shorted both by blockage and by distance, i.e,, if the
walk target lies d squares or further from the walk
gart square along the shortest circuit and a road
block aroad block appears withinthefirstd - 1
sguares dong that circuit. A confused waker may
leave the road entirely. Only certain roamers
become confused. Confused walks are discussed at
the end of this monograph in the section titled
“Walks confused by blockage and distance’.

[llustrations

Figure 1. Thefour routing centers (smdl statues)
eight squaresin dl four semicardind directions from
the north square of atemple on afour-way inter-
section. North must lie toward upper |€eft or the
templ€ s north square and, therefore, the routing
centerswill shift.

In Fg. 1 the four routing centers of atemple are
marked by smdl statues. When the dgorithm begins
searching the routing zones around these centers, in

every case a connected road square is discovered in
the firgt location examined (the one due north of the
routing center). These first-found connected road
suares are denoted by plazatilesin thefigure, and
each oneislocated eight squares from the four-way
intersection. All four plazatiles lie wdl within the
priest’ s 25-square (i.e., 26 - 1) limit for wakability,
and no roadblocks occur between the temple's
walk-gtart square and any of these plazatiles, so
they become targets for grounded walks. Each of
these grounded wal ks begins with a destination walk
to one of the plazatiles, and then continues for an
additiond 26 squares further out dong the same
road. Thefull quadramble of the priest, therefore,
consgts of a sequence of walks taking that roamer to
the (8 + 26 =) 34" square along the SE road, then
the 34™ square dong the SW road, then the 34™
square along the NW road, and then the 34" square
aong the NE road. The sequence need not begin
with the walk to the SE, but the order of the walks
will be clockwise as described.

Fig. 2 shows two cases in which both connected
and disconnected roads occur within routing zones.
The two routing centers of the water supply lying to
the SE and SW lie outside the figure and cannot be
discussed. Theroad loop towards the north in the
figure lacks a connection to the walk-start square of
the water supply, so it istheoreticaly capable of
causing the dgorithm to generate default walks for
the NW and NE legs of the water carrier’s
quadramble. The innermost search ring around the
NW routing center (Fig. 2) with any roadsin it at al
contains both disconnected and connected road
sguares, so the connected road squares will be found
before the dgorithm’ s search for road squares halts.
The connected road square in the NW zone with the
highest search priority is marked by aplazatile, and
it becomes the target for agrounded wak. The
destination-mode portion of that NW walk takes the
water carrier unerringly through the four-way
intersection to the plazatile, where converson to
random mode for 26 more squares of travel occurs.
The dgorithm would rather have the walker turn left



Figure 2. Theregionsaround the northwest (left)
and northeast (top) routing centers (smal statues) of
awater supply examined for roads by the agorithm.
Three disconnected road tiles found above the NW
routing center fail to hat the searchintimeto
prevent discovery of the walkable plazatile, which
does end the search. Five disconnected road
sguares near the NE center cause that search to end
with the examination of the garden square, so the
road just below the NE search areaiis never found.
North lies toward upper left.

than reverse course, o the water carrier continues
down the vertical road and off the bottom of the
figure

In the NE routing zone of the water supply (Fig.
2), disconnected road squares appear in the third
search ring around the routing center, and connected
road squares do not gppear until the fourth. The
search for roads in the NE routing zone, therefore,
hats (snce road squares were found in that ring)
after examination of the square marked by the
garden (the last square of the third search ring to be
tested), and the connected road just below the
gardenisnot found. Consequently, the NE leg of
the water supply’ s quadramble defaults out due to
disconnection, and the water carrier travels 26
squares from hiswak-start square heading esst,
which takes him off the right sde of Fg. 2.

The dgorithm’s search around the SW routing
center of the senet house in Fg. 3 identifiesawak
target (green plaza) for a grounded walk just one
sguare below the walk-gart square (ordinary plaza)
of thet building. Another walk target is found
around the NE routing center and is marked by a
green plazatile at the top of thefigure. ThisNE
target lies 23 squares of travel away from the walk-
dart square of the senet house, which iswithin
walkable distance for both the labor seeker (a short
walker) and the senet player (amedium walker)
from that building. On the NE leg of his quadramble,
the senet player will make a grounded walk
beginning with a destination walk to that green plaza
tile. On top of thiswalk target, converson to
random mode occurs for another 35 squares (d for a
medium walker) of travel, which carries the roamer
off the top of the figure.

The northwest leg of the quadramble of the senet
house in Fig. 3 offers an example of shorting due to
distance. In its search around the NW routing
center, the algorithm finds a connected road square
that could serve as awalk target marked by agreen
plazatile at the left edge of the glyphy. Thiswalk
target lies 27 squares of travel from the walk-gtart
sguare of the senet house, which lies beyond the 25-
square limit of walkability for the |abor seeker (a
short walker) from thet building. The yellow plaza
tilein Fg. 3 shows the furthest location on which a
walkable target for the labor seeker could appear. If
the senet house |abor seeker executes the NW leg of
the building’' s quadramble, he makes a distance-
shorted walk. The roaming haf of hiswak will carry
him (via a destination walk) to a go-home trangtion
point on the ordinary road square between the
ydlow and green plazatiles. The senet playerisa
medium walker, and any road square within 34
sguares of hiswalk-start square is walkable.
Consequently, onthe NW leg
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Figure 3. lllustration of grounded walks and walks shorted due to distance and blockage. The areas
searched by the agorithm around the four routing centers (small statues) of a senet house are shown by desert
sguares (searched first) and grassy squares (searched next). Green plazatiles mark the walk targets.

of his quadramble the senet player makesa
grounded walk with the green plazatile as hiswak
target. Once he arrives (via destination walk) on
that walk target, the senet player travelsin random
mode for an additiona 35 squares (d, for amedium
walker) up the road and off the figure.

The southeast leg of the senet player’'s
quadramble is shorted due to blockage. Inits
search around the SE routing center, the gorithm
finds the green plazatile at the top of the road on the
right sde of Fig. 3. Thisroad squareis unwakable
because the shortest circuit connecting it to the
walk-gtart square of the senet house passes through
two roadblocks. The blockage-shorted SE leg of
the senet player’ s quadramble beginswith a
destination wak aong the shortest circuit (asif the
roamer were trying to reach the walk target) but
continues only until the nearest roadblock bars
further progress towards the target. On the yellow
plazatile next to the road block, converson to

random mode occurs granting the senet player an
additiona 30 squares of travel (to keep the tota
length of the shorted walk equa to d for this medium
walker).

Addenda

This section contains some details and fine-print
about roaming-wak generation, which would have
digtracted from the flow of the development in earlier
sections. Some of the information isimportant
enough to have been well researched, but preliminary
results are later introduced for afew topicsthat are
hoped to be of interest to readers.

Default details. At present, no prediction can
confidently be made about the initia direction of a
default walk from awak-start square located in a
three-way intersection, but the series described



earlier for corners and straight roads frequently does
not apply. From awalk-start square in athree-way
intersection, a default walk often makes a“fdse
gart”, in which the roamer reverses directions and
returns to the intersection after a sngle square of
travel. Neither the direction of the first square of
travel, nor the eventua directiond choice made after
return to the intersection appears to be governed by
the default direction-preference sequence for
corners and straight roads. The author can, as e,
offer no explanation for how fase sartsfor default
walks elther from three-way intersections or from
dead ends (at which they aso sometimes occur)
might be generated by the dgorithm. Fortunately,
default walks of any kind occur infrequently in actua
game cities, and default walks originating from
three-way intersections are so rare that the author
has seen them only in specialy condructed walker
labs.

Shortest-cir cuit tie breaking. When two road-
connected paths of equa length (and shorter length
than al others) exigt that connect abuilding’s walk-
dart square to awalk target, the gorithm needs a
rule to unambiguoudy identify one of these paths as
the shortest circuit to be examined for length and
roadblock presence. In addition, the same rule used
for choosing between two available shortest circuits
(connecting walk start to target) also appearsto be
used when choosing between two paths of equal
length by which aroaming waker could return to his
walk-finish square when he re-enters destination
mode for the homeward-bound hdf of hiswak. To
dlow the rule to be described in sufficiently genera
terms S0 that it can gpply to dther Situation, | will
refer to the square on which the roamer enters
degtination mode as the walk origin and the square
that he istrying to reach asthe wak terminus.

Tie-breaking rule. The agorithm sdectsa
destination-mode path for aroaming waker by
garting at the walk terminus and looking backwards
aong the path towards the walk origin. When two

dterndive paths of equa length (shorter than dl
others) can be traced from the walk terminusto the
walk origin, the dgorithm chooses between the two
paths based on the directions they take from the
point at which they diverge, according to the
following order of preference NE > SE > SW >
NW.

The order of precendence described intherule,
above, agrees exactly with the order described in the
firg edition of Ambulomancy. The only difference
between the origind and amended versions of the
rule is that the new verson gtates that the paths must
be explored backwards from terminus to origin,
whereas the origind verson said that the agorithm
looked for the divergence point beginning & the
walk-gtart square and heading in the outward-bound
direction.

Fig. 4 shows a Stuation that requires the agorithm
to apply itstie-breaking rule to aroad geometry that
reveds its use of the backward-looking version of
therule. When the dentist is dispatched on awalk of
any of the four formd directions, his target (one of
the ordinary plazatilesin the figure) will be
“unwalkable’. When the roadblock is present, it lies
on the dentist's path between his walk-gtart square
and dl of hisfour targets, so dl four of hiswalks
short out due to blockage. If the roadblock is
removed, then dl of the dentist's walks short out due
to distance, because the closest of his targets can
only be reached after 39 squares of travel - well
beyond the limit of 25 for ashort wakers, like a
dentist. The dentist's choice between the yellow and
blue paths shown in the Fig. 4 is the same whether
the roadblock is present or not, so the following
discusson will explore the Stuation more commonly
encountered in actud cities - shorting due to
blockage (with the roadblock ingtalled).

When the roadblock is present, dl four of the
dentist's walksin Fig. 4 pass through three phases:
outward-bound destination mode from



the walk-start square to the square just SW of (or
below, in the figure) the roadblock; then in random
mode to the green plaza square; and findly in
degtination mode to return from the
green plaza square to the wak-finish
square of the dentist's office. The
tie-breaking rule applies to both of
the destination-mode phases. In the
outward-bound destination mode
walk, the walk terminusis the road
sguare touching the roadblock from
its southwest, because that is the last
road square the dentist can legdly
(without violating the roadblock)
reach in trying to get from hissart to
histarget. The amended tie-breaking
ruleisapplied by garting & this
terminus and working backward
toward the dentist's walk-start
square looking for the point of
divergence, which in thiscaseisthe
red road square. From this
divergence point, the first yellow
road square lies SW, and the first
blue square liesNW. The dgorithm
seems to look for roads around a
divergence point in the same order
that it looks for roads around a 1x1
building when it istrying to identify a
walk-start square, so the SW branch is chosen.
Once that selection has been made, the road
connection to the walk-start square of the dentist’'s
office becomes unambiguous, and the path from
terminus to origin (including the yelow squares) has
been chosen. The dentist is then sent dong that path
in the reverse order, from origin (wak gart) to
terminus.

At the terminus (next to the roadblock), the dentist
switches to random mode to use up the remaining
sguares of his 26-square outward-bound walk.

This takes him to the green plaza. On the green
plaza (his homeward origin) he reverts to destination
mode for the return trip to his wak-finish square (his

homeward terminus). Once again, the dentist has
two aterndtive routes of equd length leading to his
terminus, so the dgorithm beginstracing the route

[=]

Figure4. Thetie-bresking rulein action.

from the walk-finish square (terminus) to the green
plaza (origin) looking for the divergence point, which
isfound to be the green road square in Fig. 4. From
this divergence point, the yellow road square lies SE
and the blue square liesNE. NE trumps SE, and the
blue path is sdlected. The dentist, thus, returns from
the green plaza square to hiswalk finish via the blue
road rather than the yellow road.

When the roadblock is removed, al the dentist's
walks become distance shorted and lack a
random-mode phase separating the outward- and
homeward-bound phases. The yellow plaza serves
both as his outward-bound wak terminus and as his
homeward-bound walk origin. His path choices



remain the same as they were when hiswaks were
blockage-shorted: yellow path for the
outward-bound walk, and blue path for the
homeward-bound walk.

Off-map squares. Roamer-dioatching buildings
located near map edges often extend portions of
thelr routing zones or even routing centers beyond
the edges of the map. The agorithm andyzes road
systems for roaming-walk generation asif the map
were surrounded by enough empty squares to
contain these zones and centers. The agorithm
appears to add no surprises to these off-map
squares, such asinvisible disconnected roads.
Instead, its search of off-map squares smply finds
no roads until the usual search order leadsit back
onto the map to explore visble squares on which the
player may have placed roads. Readers are
cautioned, however, that the author has not been
clever enough to determine whether the kingdom
road a amap corner extends indefinitely directly
away from the map center.

Water. Streamsand the Nile offer no barrier to the
roamer agorithm’s search for road squares. It finds
road squares on the other side of water. Bridges
are treated like any other road squares and walk
targets can be found aong them.

The effect of ferries on roaming walk generation
have not yet been fully explored. However, some
prediminary results are available. A Ferry route
appears to provide a blocked connection between
roads on opposite banks, but the algorithm does not
treat ferry routes exactly asif they were roads with
roadblocks on the river banks at either end. When
the agorithm’s search around a routing center finds
roads on the opposite bank of ariver from the
building being andyzed, aferry route causes those
roads to be treated as connected, athough they are
certainly unwakable, snce roaming walkers may not
useferies,

10

Fg. 5illugrates the effect of aferry onthe
southwest leg of aphysician’s quadramble. The SW
routing center (small satue) fals on the opposite
bank of the river from the physician’s office. If the
road on the opposite bank, the ferry, the bridge
(symbolized by plazatiles), and the roadblocks at
ether end of the bridge are dl removed, the
agorithm finds the green plazatile on the road
leading to the left as atarget for a grounded SW
wak by the physician. If only the road on the
opposite bank is added (but not the ferry or bridge),
that disconnected road is found by the agorithm and
the SW leg of the physcian’s office defaults out. In
this case, the physician makes a 26-square random
default walk up the road toward the top of the figure
(towardsthe NE). If the bridge and its roadblocks
(but not the ferry) are added to the picture, the
dgorithm identifies the ydlow plazatile on the
opposite bank as atarget rendered unwalkable due
to blockage. In this case, the physician makes a
blockage-shorted walk that takes him to the road
sguare next to the nearest road block (in destination

Figureb5. A physcan’soffice with its SW routing
center acrossariver. Colored plazatiles show SW
walk targets of the physician’s office found in the
presence (yellow) or absence (green) of the road on
thefar bank. The five plazatiles represent a bridge.
North lies toward upper left.



mode) and then further dong the road to theright in
random mode until he reaches his go-home point 26
squares from hiswak gart. If only the ferry (but
not the bridge or its roadblocks) is added to
connect the road on the opposite bank to the roads
traveled by the phydcian, the same ydlow plazatile
isidentified as atarget which is again deemed
blocked and unwalkable because travel by ferry is
prohibited for roamers. The physician’s SW
quadramble leg is affected by the ferry’ s presence,
however, since that walk does not take the
physician NE (as when the leg was defaulted out) or
SE (as when the leg was shorted out by the bridge
plusroadblocks). Instead, the physician makes a
26-square walk to the left, past the ferry landing.
Thisisclearly a case of shorting due to blockage
even though no physical roadblocks are present.

Unitil recently, the paths followed by ferriesand
immigrants between ferry landings were regarded as
subjects lying outsde the province of roaming
walker research. However, it was possblein alab
map to get some idea of path length caculated by
the algorithm for the ferry route by watching evicted
homeless travel between ferry landings. They
followed the twisted path shown by the dotted line
inFig. 5.

A short circuit traced from the physician’ s walk-
gart square through the ferry route (along the dotted
path in Fg. 5) to the ydlow plaza-marked walk
target has alength of 22 squares. If dl the dements
shown in Fig. 5 are present on the map, then an
dternative short circuit with length of 22 squares can
a so be traced along the route provided by the
bridge. The glyphy, thus, shows a Situation requiring
the shortest-circuit tie-bregking rule. The physician
reaches the point of divergence between the two
paths at the three-way intersection. Astherule
promises, his blockage-shorted SW walk takes him
towards the bridge instead of the ferry, snce the
initia direction from the intersection along that path
takes him SE which is preferred (under the rule)
over the NW direction that he would need to take
to follow the short circuit to the ferry. If the entire
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bridge (and its roadblocks) are moved one square to
the right from the position shown in Fg. 5, then the
length of the short circuit through the bridge increases
to 24 squares. The circuit through the ferry (with
length 22 squares) now unambiguoudy becomesthe
shortest circuit. In this case, the physician turns NW
at the intersection and passes the ferry on his SW
walk.

A few additiond results about ferries are available.
The blocked connection between roads provided by
aferry islogt if ether landing loses its g&ff. Inthe
author’ s tests, the algorithm has consigtently refused
to “find” ferry path squaresin arouting zone as
though they were road squares for use aswalk
targets. Thus, ferry paths act sufficiently like roads
to permit shorting due to blockage, but not enough
like roads to contain walk targets.

Initial seeker invariance. Thisruleisuseful when
you are trying to put two or more fireman “out of
phasg’ in amultiple block structure like afigure-8
block. When abuilding isfirst placed on a particular
map square, we have (to date) no way of predicting
in advance which wak of the four in its quadramble
will be thefirst to be executed by the labor seeker
from that building. However, if you delete that
building and ingdl any other building on top of the
origina gructure' s position so that their northernmost
guares fel/fdl on the same map square, then the
initia labor seeker dispatched by the second building
will execute afirg walk with the same forma
direction (e.g., the northeast walk) that the previous
building' s seeker followed on hisfirsg wak. Thisrule
applieseven if radica changes are made to the roads
between the origind building's destruction and the
second building' singdlation. The first waks may be
markedly different, but their forma semicardina
directions will be the same.

Seeker suppression. Most service-providing
roamers recruit labor, so their home buildings do not
need to dispatch any labor seekers after the first one,
provided that the service roamer passes “ample’



housing on every one of hiswaks. In contragt, the
magistrate and policeman do not recruit labor, and
their buildings will continue to emit labor-seeking
“citizens’ even in housing blocks. However, one
trip past abundant housing by the labor seeker from
a courthouse or police station gppears to collect
enough “job gpplications’ so that the service roamer
can make six to eight walks before the labor seeker

must gppear again.

Quadramble sharing. A service-providing
building's labor seeker and its service-providing
roamer share the same quadramble. If the seeker
that appears following building congtruction executes
aquadramble leg with the formd direction northess!,
the service-provider that gppears next will follow the
southeast walk in the same quadramble, i.e, the
next wak in clockwise order. If abuilding becomes
dissatisfied with the amount of housing its service
roamer encountered during hislast walk (or acity-
wide labor shortage develops), then it will emit a
labor seeker (often just afew frames) before it
dispatches the service roamer again. Once again,
the labor seeker uses up the next walk in the
building’ s quadramble, which causes the service
roamer to skip that walk.

In arectangular housing block with asmdl (eg.,
48-square or less) loop, skipping asingle walk
usualy poses no threet to block gability. But, if the
roamer provides coverage to an exotic multi-block
gructure (like awindmill) that provides some houses
with only one service walk per quadramble for some
vital roamer, skipping that one wak can have
dramatic consequences.

Synchronized firemen. This property of firemen
probably has paradlels with most other roamers, but
| have only found a use for it when trying to get two
fireman to dways cirde ablock going in the same
direction and to stay on opposite sides of the block.
Very useful for fire suppresson a very hard
difficulty.

Firemen can only emerge from therr firehouses at
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certain, regularly repeating sart times. If timein
Pharaoh were measured in quarter notes, firemen
could be said to appear on their start squares only on
the downbests of afour-four measure. This means
that if you place two firehouses smultaneoudy on the
map, not only will the first firemen generated by
those structures gppear Smultaneoudy, but the
second and al subsequent firemen generated by the
same firehouses may aso gppear Smultaneoudly, if
certain conditions are satisfied. It is not necessary
for the firemen to dways wak exactly the same
paths or for the paths for the two firehouses to be of
exactly equd length. All that is necessary, isthat dll
the walks followed by dl the firemen from both
firehouses must have lengths belonging to the same
synchronization group.

Here are the synchronization groups for the path
lengths (measured from walk start to walk finish and
counting the walk start as square 0) of firemen:

Group 43: 43, 44, 43, 46

Group 47 47, 48, 49

Group 50: 50, 51,52, 53

Group 54 54, 55, 56

Group 57: 57, 58, 59

Group 60: 60, 61, 62, 63

Group 64: 64, 65, 66

Group 67: 67, 68, 69, 70
| am sure Groups 71 and higher exigt, but the would
not be terribly useful snce housing blocks are
unlikely to have main loops that long.

Teleportation from pavilions

This section originally appeared as a separate thread
in the Pharaoh Game Help Forum titled “Wakers
and teleporters from pavilions’. | repeet the
information here to provide the reader with as
complete a set of tools (in asingle package) as| can
to support the walk-engineering of housing blocks.
This section focuses on teleportation: the sudden
appearance of awalker on a square not adjacent to
the building that digpatched him (or her).
Teeportation hasto qualify as a pretty specidized



subject within the generd area of waker sudies, so
readers should expect much of the materia below to
sound like complete gibberish unless they have
studied the earlier sections on roaming walker
behavior in this documen.

Sometimes, the entertainers generated by pavilions
redlly wind up in the weeds - completely off the
road. Although the discussion below describesin
generd terms the conditions that produce such
behavior, afull treetment of off-roading by
entertainers and architects (and possibly others?)
will have to wait for a separate post devoted to that
subject.

Critical squares. All three kinds of entertainers
treet a pavilion asif it congsted of nothing but the
2x2 dance stage. Thelocations of the music and
juggle stages are ignored. The wak-gtart and -finish
sguares of the dance stage (and therefore the entire
pavilion) can be determined as Brugle describes for
common wakers from 2x2 buildings in his thread on
the Pharaoh Game Help Topics forum entitled
“Random walker sart and finish points’.
Entertainers arriving from their schools as destination
walkersare abit trickier. 1f the stage for hisher
type of arriving waker is unoccupied, then the
walker disappears on the walk-start square of the
dance stage. If ashow isin progress on the stage
for entertainers of the new arrival’ stype, then the
walker disappears on the walk-finish square of the
dance stage. The north square of the dance stage
a0 serves asthe “ governing square” from which
the locations of the four routing centers can be
determined by the usua procedures outlined in
Ambulomancy: eight squares away in al four
semicardind directions.

Teleporting entertainers. Of the three kinds of
entertainers dispatched by pavilions, musicians and
dancers teleport, but jugglers do not. However,
jugglers, aswe will see, do play apivotd rolein
facilitating teleportation. Like the other entertainers
in Pharaoh, pavilion-dispatched entertainers are
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medium wakers with 35-square default walks. Like
a bandstand (See the “ Bandstand walkers’ thread.),
apavilion has only asngle quadramble which is
shared by dl of its wakers (entertainers and the
labor recruiter). Each roaming waker dispatched by
the building is assgned the next forma directionina
sngle, clockwise cycle of walks.

Initiation of teleportation. Starting with the first
game of Pharaoh mogt builders ever played, we dll
noticed that a smal amount of time passes between
the ingtant aroaming walker who has just returned to
his building disgppears on his wak-finish square and
when he or she regppears on his wak-start square to
begin his next walk. | cdl that interval the waker's
coffee breek. Teleportation from a pavilion will not
happen unless two entertainers are smultaneoudy
taking a coffee break. Teleportation is not
guaranteed to happen if a second entertainer begins
his coffee break only an animation frame or two
before the first entertainer was scheduled to end his
break; acertain amount of time (not yet precisdy
measured) together in the break room seemsto be
required to trigger teleportation, dthough as best |
cantdl itisnot even aslong asit tekes awalker to
advance asingle square of travel. In the discussions
below, when time becomes important, | quantify time
in terms of “squares of travel” (SoT), because |
measured time usng a modification of Jmhotep’'s
clock described in his*Pharaoh Caender” thread.

Jugglersasteleportation catalysts. Thegame
has atrick both to increase and to decrease the
likelihood of smultaneous coffee breaks (and,
therefore, teleportation): changing coffee-break
duration. Long breaks increase the probability that
two wakers will have overlgpping bresks. The
principa way that the presence of jugglers simulate
teleportation is by increasing bresk length. When the
juggle stage is unoccupied, musicians and dancers
take short bresks, usudly lasting just two to four
SoT. Whileashow isin progress on the juggle
dage, dl the pavilion's wakers take long, sdf-



indulgent coffee bresks usudly lasting 22 to 24 SoT.

Keeping breaks short is not the game' s only
method for inhibiting tel eportation in the absence of
jugglers. If amusician and dancer arivein farly
close successon (but not amultaneoudy) a a
juggle-free pavilion, the firgt arriving walker gets
yanked out of the break room and booted out onto
the Street asfast as possible. The second walker is
then detained for afarly long (for ajuggle-free
pavilion) break of 10to 12 SoT. Thisdifferencein
break time substantialy increases the separation
between the arriva times of these two entertainers
when they return to the pavilion.

Despite the agorithm' s efforts to decrease the
likelihood of teleportation in the absence of jugglers,
teleportation from pavilions does occur without
jugglers. For thisto happen, however, a dancer and
amusician must disgppear on the walk-finish square
of ther pavilion & dmos the sametime. A two to
three animation frame difference in arrivd timeis
close enough to Smultaneity to permit teleportation,
but atwo to three SoT difference in arriva timesis
too greet to dlow teleportation. Like achemical
reaction with a high activation energy, teleportation
is accelerated by the presence of an appropriate
cadyd (jugglers) but will proceed dowly without
the catdyst.

Jump teams. When two or three walkers have
been on break together long enough for
teleportation to happen they form a“jump team”.
One wdker in each jump team (heregfter cdled the
“spotter” or non-jumper) does not teleport and al
the other team membersdo. If the jump team
includes ajuggler, he will be the spotter. Otherwise,
the musician spots for the dancer.
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All the members of ajump team seem to the player
to appear smultaneoudy on their walk-start squares.
| have been unable to detect o much asasingle
animation frame of difference in ther times of
appearance. Nevertheess, the dgorithm clearly
assignsthem aformal order of gppearance which |
have never observed to vary: Jugglers appear fird,
then musicians, and finaly dancers. The order of
appearance does not depend upon the order of
arrivd of the team members a the pavilion (whilea
team is assembling in the break room); the order
depends only on occupations.

Remote walk starts. When the jump teeam is
dispatched by the pavilion, the first team member
(usudly the juggler) appears on the pavilion’s usud
walk-gtart square and is dispatched on awak with
whatever forma direction (eg., NE) isthe next one
due for execution in the pavilion's clockwise cycle of
walks (quadramble). Other members of the jump
team are assgned later walksin the pavilion's
quadramble in the order of their (closdly timed)
appearances. Thus, for athree-man jump team, if
the juggler is assgned a NE walk, the musician will
be given the SE walk, and the dancer will get the
SW wak. Unlike the juggler, who usesthe
pavilion's usud wak-gart square, the musician and
dancer in a three-man team use non-standard,
teleporting walk-gtart squares. In this example, the
musician will use the walk-target of the juggler as her
walk-start square, and the dancer will use the walk-
target of the musician asawak-dart square. The
use of prior walk-targets as current walk-start
sguares certainly gives the appearance of
teleportation, sSnce the musician and dancer suddenly
wink into existence up to 14 squares away from the
north square of the dance stage.

Although they begin on unusud squares, the walks
of musicians and dancers following tel eportation
behave in many ways like the walks of other roamers
in Pharaoh, dlowing for differencesin wak length
(snce entertainers, including senet players and zoo
keepers, are medium walkers and nobody dseis,



except tax collectors). Unfortunately, the other
wakersin Pharaoh whom teleporters from pavilions
most closay resemble are wakers with “bad habits’
like tax collectors (who vanish at the end of some of
their waks rather than returning, visibly to ther
walk-finish squares) and architects (who not only
sometimes vanish, but on other occas ons wander
right off the roads). Senet players have aso been
reported to teleport. Fortunately, the andytical
tools needed to understand and predict the
behavior of pavilion roamers &fter teleportation are
ones that apply to al roaming walkers (routing
centers, road-search order, walk targets,
degtination- and random-mode portions of walks,
etc.) and that have aready been described above.
The remainder of this section explores the various
kinds of roaming walks that entertainers from
pavilions execute.

Grounded walks. Grounded walks for spotters
and teeportersfollow al the usud rules. If the
shortest-road connected path between walk-start
square (traditiona or teleport-style) and walk target
haslength of 34 (i.e, d - 1) squares or lessand
contains no roadblock, the entertainer’ swalk
follows that path (in destination mode) and converts
to random mode (for 35 more squares of travel)
without reversing course on top of the walk target.

[llusory counter-clockwiserotation. Inthefirg
(March 2005) edition of Ambulomancy (“Predicting
Roaming Waks"), | stated that teleporting
entertainers gppeared on “landing” squaresin a
counterclockwise rotation. This observation
appeared to violate the rule gpplying to al other
walkersthat saystheir walks must progressin a
clockwise rotation of forma directions. The
counterclockwise rotation is now revealed as an
artifact.

Obsarvations of individua entertainersleaving
pavilions from the usud walk-gtart point and two-
and three-man jump teams have clearly reveaed
that al the roamers from a pavilion draw their walks
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Fig. 6. Critica squaresof a
pavilion, induding blue wak finish,
ydlow non-teleporting walk start
and plaza-marked teleporting walk
starts.

from asingle queue and the walks within that queue
are arranged in a clockwise progression of forma
directions. Fig. 6 provides the sarting point for
an example. Even though the order isimperceptible
to the player, the juggler is assgned his northeast
walk firg (targeting the ydlow plaza), then the
musician gets the next (SE) walk (starting on yellow
plaza, targeting the pink one), and findly the dancer
begins a SW walk (to the green plaza from the pink).
All three entertainers will return to the walk-finish
square of the pavilion a more or less the sametime -
close enough to permit teleportation. Therefore, they
will dl leave the pavilion on their next waksasa
three-man jump group.

The next walk available, after the targets shown in
Fig.1 have been used, has aformal direction of NW,
s0 the juggler (in the second round of teleportation)
will appear firgt as the spotter for the group on the
pavilion's usua wak-start square, and begin a
grounded walk with aNW target. The musician will
teleport to a remote walk-start square (the juggler’s



target) for agrounded walk to a NE target (the
same one shown in Fig. 1 asaydlow plaza). At the
same gpparent time (but actualy last of the three),
the dancer will teleport to the musician’ swalk target
(now the ydlow plaza square) and begin a grounded
walk to a SE target (the ordinary plaza squarein
Fig. 1). To the player following only the dancer, the
tel eportation-landing (or remote walk-start) squares
appear to be used by the dancer in
counterclockwise order (eg., a SE landing in Fig. 7,
then a NE landing for the second round of walks).
The same thing happensiif the player watches only
the muscian. When dl four of the waksin the
pavilion’s quadramble are grounded walks of smilar
length, this apparent rotation can continue
indefinitely, aslong as dl the entertainers leave the
pavilion as part of three-man jump groups. Thus, |
perceived a sequence of 270-degree clockwise
rotations (for individua performers) as a series of
90-degree counterclockwise rotations. Now, we
know better.

Shorted walks. The designers evidently changed
the way the waker agorithm handles shorted walks
for pavilion entertainers (and for architects) from the
way those walks are described in Ambulomancy for
the mgority of walkers. Instead of just two kinds of
walks that can be produced either by roadblocks
on, or by excessve lengths of, the shortest circuit,
these walkers have & least three. One of the three
kinds of walks can send the roamers off road, and
(as mentioned earlier), is till the subject of on-going
research. Inthiswork, I content mysalf with
approximately describing the conditions that can
trigger off-roading.

In the fallowing discussion, | once again usethe
letter d for the length of a default walk: 35 squares
for entertainers; 43 squares for architects.
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Walks shorted only by blockage. If the distance
of the shortest circuit from aroamers s walk-start
square (next to the building of origin or teleporting)
to thetarget of awak isd - 1 squares or lessand a
roadblock lies on that path, walks of ordinary
roamers short out for reasons that can only be
attributed to blockage; without the roadblock, no
shorting would have occurred. The outward-bound
haves of the waks followed by entertainers and
architects under these circumstances ook exactly
like blockage-shorted walks for ordinary roamers.
Unlike most walkers, pavilion entertainers and
architects vanish at the end of the outward-bound
half of their only-blockage-shorted walks, i.e., after
d squares of travel from the wak sart.

When architects vanish at the end of awalk
shorted only by blockage, they ghost homeinvisbly
by the shortest available route even if that route takes
them off road. They do not show up on the usua
game display, but their presence and movement can
be detected by passing the footprint of alarge
building (asif the player was about to postion that
building) above an off-road portion of the shortest
path between the architect’ s vanishing point and his
office. Ghogting architectstravel off road and
(probably) diagonaly. Their ghosts appear to travel
in aseries of sepsrather than in a smooth diagond,
but they arrive at their destinations much faster than
they could if they were traveling only in NE-SW and
NW-SE directions.

In tests of pavilions with just one kind of
entertainer, the roamers usualy regppear on their
next walks just two to four SoT &fter vanishing a the
end of walks shorted only by blockage. Thus,
aufficient time was not available for the entertainer to
have walked invisibly back to the pavilion. When an
entertainer, who is part of ajump team, disappears
after ablocked-only short, too little time also passes
in many cases for the walker to ghost back to the
pavilion. Also, no ghodts of pavilion entertainers
have been detected between their vanishing points
and their walk-finish points. Thus, entertainers from
pavilions do not appear to ghogt, unlike architects.



Walks aborted by distance. If awdkina
pavilion's quadramble assigns an entertainer an
unobstructed target lying 35 (d) squares or more
from the roamers walk-gtart (traditiona or
teleported), the entertainer’ s walk does not short
out by having its length reduced to d squares (like
those of ordinary walkers). Instead, the entertainer
samply waks dl the way to the target and vanishes,
thus gppearing to abort the walk at its midpoint
without returning to hiswalk finish. | do not know if
there is a absolute upper limit to the length of this
walk, but I do know the entertainer will travel alot
further than 35 squares. If aroadblock lies further
than d squares from the walk-gtart point along the
shortest road-connected path to the target, the
entertainer flouts the roadblock by passing through
it. If aroad-block appears earlier, a confused walk
islikely to be generated (See below.).

Walks confused by blockage and distance. If
the shortest road-connected path to the entertainer’s
target isfurther than d squares from the walk start
(so aborting due to distance would be possible
without a roadblock) and the nearest roadblock on
that path is closer than d squares (so shorting dueto
blockage would have been possible for other
walkers), aunusud type of walk often results that
gppears to be possible for both pavilion entertainers
and architects (and probably other roamers, like tax
collectors, as Brugle notesin reply 6 to “Walkers
and tdeporters from pavilions’, and | have
subsequently confirmed independently): the
confused walk.

Severd beautiful examples of confused walks by
an architect were posted by Max asreply 4 to
“Predicting Roaming Waks’. The column labeled
“walk-4" contains amixture of distance aborted
walks (when rbc a 44 or 60), only-blockage-
shorted walks (whenrbcisat 1 or 15), and
confused walks (rbc’sfrom 16 to 43). The
confused walks in Max’ s table begin like blockage-
shorted walks, but on their d-th square, they seem
to switch into a new wak mode (for 2 to 46 squares
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of travel) in a srange middle-phase of their walk:
neither outward- nor homeward-bound. In many of
Max’'s examples, the middle phase of the architect’s
walk carries him off the roads. In others, the
architect appears to meekly return part of the way
(by road) toward his office before vanishing. | have
been able to reproduce the confused walks that Max
reported using pavilion entertainers instead of
architects (dlowing for minor adjustments need to
accommodate the difference between ther
endurance classes). In addition, | have been ableto
create off-road confused walks by teleporters from
pavilions provided that their shortest circuits meet the
same requirements as for traditional start-square
users. distanceto target > d; distance to closest
intervening roadblock <d.  To date, | havefailed
to figure out how to predict confused walks.
Therefore, in housing block design, | only rely on the
fira d squares of travel by a confusable walker on a
quadramble leg satisfying the conditions necessary to
generate confusion. If the confused portion of a
walk has been seen (during early block development
when not dl buildings are in place) to carry the
walker off road, placing a building in higher way to
obstruct departure from the road will cause the
walker to vanish and quickly be available for
regppearance on the walk start square. This
recycles the walker much more quickly then if it was
alowed to good wandering about in the weeds of f
road.

Disconnected walk targets. The default walks of
ordinary wakers from traditiona wak-start squares
look the same whether the walk was defaulted by
road absence or by disconnection. When
entertainers teleport from a pavilion with a defaulted
walk in its quadramble, however, their behavior
reveds the cause of defaulting unambiguoudy. The
behavior of teleporting entertainers makes it possible
to be more precise (than | was above in “ Absent and
disconnected roads’) when describing how
disconnected road squares default out a quadramble
leg. Astheroaming-walker dgorithm searches (in



the order of priorities shown in Table 1) theregion
around a shorting center it usudly discovers aroad
square. Thefirgt road square found during the
search becomes a provisona walk target. The
agorithm then checks for aroad connection to the
affected building' s wak-gart square. If a
connection isfound, the walk target’s satusis
changed from provisond to confirmed and the
target assgnment portion of the dgorithm ends. If
no road connection is found to the provisond
target, the dgorithm continues searching the
remainder of the search ring (al the squares a the
same distance from the routing center asthe
provisond target) “in hopes’ of finding a connected
road. Asadditiona road squares are found, they
are each checked for aroad connection to the
walk-start square. As soon as a connected road
sguare (in the same search ring) isfound, it becomes
the confirmed walk target and target assgnment
ends. If the search of dl the squaresin the same
ring as the provisond (disconnected) target finishes
without discovering any connected road squares,
then the satus of the provisona wak target is
changed to confirmed and targeting ends.

The greater detail offered by this new description
of the targeting process specifies the location of a
disconnected road square as the target for a
defaulted walk. Although any walker that the
agorithm triesto am at that disconnected target
from the usua walk start square cannot get there, a
teleporting entertainer can use that disconnected
target asa starting (or “landing”) square.

Walks defaulted by disconnection. When the
roaming-waker agorithm cannot trace aroad
connection from the walk-start square to the target,
the corresponding walk in abuilding' s quadramble
defaults out. After appearing on the walk-gtart
square (which may be reached by teleportation) the
walker executes arandom-mode walk of default
length (35 squares for medium-walking entertainers)
with the usud default initid directions that apply to
default walks beginning on straight roads or corners.
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At the end of adefault walk, the dgorithm sends
the entertainer on a destination walk back to the
wak-finish square of the Pavilion by the shortest
road-connected route. If no road connected path
exigs, then the entertainer vanishes and immediately
istreated as being on a coffee break. Naturadly,
entertainers who have teleported onto disconnected
walk-gart squares are going to have atough time
tracing aroad connection back to the pavilion.

Walks defaulted by road absence. When the
usua procedures of the dgorithm find a road-square
to use as awak-gart point but cannot find aroad in
the search zone around the relevant routing center to
use as awalk target, the corresponding walk of the
pavilion (or any other building) defaults out.
However, the adgorithm may not be ableto find a
legitimate walk-start square, i.e., one with aroad on
it. Thisdtuation only occurs for teleporters, Snce the
pavilion must touch aroad suitable for useasa
traditiond walk-start square or the pavilion's labor
recruiter could not emerge to find the workers
needed to operate the pavilion. Teleporters are
different. They usethe walk-target of the previous
walk in the pavilion's quadramble as their walk-start
sguares, and awalk target does not have to exigt.
Clearly, the dgorithm needs away to handle a
Stuation in which an entertainer is reedy to teleport
from a pavilion, but no walk-start square can be
found for him/her because the previous walk was a
walk defaulted due to road absence.

When the roaming waker agorithm cannot use the
walk-target of the previous walk as the walk-start
square for ateleported walk, the algorithm puts the
affected entertainer on an “emergency wak-dart
square’: the #1 priority search square of the routing
center for the walk before the previous wak, and
tries to use that square as awalk-start point for the
entertainer. Thus, amusician who is scheduled for a
teleportation-begun walk to the NE from a pavilion
with a defaulted NW walk (i.e., with no walk target
for its NW walks, and no ordinary teleportation
walk-gart squares for its NE walks), will gppear on



the emergency wak-gart square one square due
north from the SW routing center. If aroad exists
on the emergency wak-start square, the waker can
execute any kind of walk (grounded, defaulted,
shorted) from it under the usud rules gpplicable to
the local road geometry. However, no road square
isrequired on the emergency walk-start square for
an entertainer to gppear there. If an entertainer
appears on the emergency wak-start square and
that square lacks aroad, the entertainer vanishes
after avery few animation frames of time have
passed.

If the emergency wak-start square of adancer in
athree-man jump team contains aroad, that square
will be smultaneoudy serving as the ordinary
teleporting walk-gstart square of the musician. The
agorithm gtarts both entertainers on that same
square a the same gpparent time for the waks. The
two waks are likely to be somewhat different,
however. The musician will be on awak that has
been defaulted out due to road absence. She may,
however, be able to trace a connection to the walk-
finish square of the pavilion, in which case she will
vigbly wak there (in default mode) a the end of her
35-squares in random mode. The dancer may or
may not have awalk target around the pavilion's
NE routing center, and that shortest (road-
connected) route to that target may or may not be
roadblocked. The dancer can, therefore, execute
nearly any conceivable walk from the emergency
walk-start square. Whether the dancer’s
emergency walk start contains or lacks aroad, and
whether she makes awak or disgppearsin a
animation frame or two, her gppearance on the
emergency square uses awak from the pavilion's
queue and advances the forma direction for the next
walk by 90 degrees clockwise.

Teeportation from a pavilion with awak
defaulted due to road absence can be difficult to
visuaize from a description, so Fig. 7 shows an
example. Fig. 7 illustrates the criticad squares that
apply to the walks to be executed by the members
of athree-man jump team who are about to end
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their coffee bresk from the pavilion shown. Acting
as the non-jumping spotter, the juggler appears on
the usua wak-gart square of the pavilion (ydlow
road in Fig. 7) to begin awak with aformd
direction (in this example) of southwest. The
musician begins her NW walk by appearing on her
primary teleporting walk-start square (yelow plaza),
which in this Stuation is the same square that the
juggler uses as the target of his SW wak. The
musician has no target for her NW walk, snce no
road sguares gppear in the pavilion’s NW routing
zone (desert squares), so she will be making a
default wak. The dancer would normaly use the
musician’s NW walk target as her primary
teleporting walk-start square, but the musician has
defaulted dueto alack of aNW target.
Consequently, the dancer resorts to the emergency
walk-gart square for awalk with aformd direction
of NE which fdls on the #1 search priority square
near the SW routing center and is the same yellow
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Fig. 7. The absence of aroad squarein the
NW routing zone deprivesamusician on a
NW walk of atarget and a dancer on aNE
walk of an ordinary teleporting wak start
square. The dancer usesthe yellow plazaas
her emergence walk dart.



plazatile the musician uses as her primary
teleporting walk start. The musician and dancer
gppear on the yelow plazatile Smultaneoudy and
the game superimposes their images.

The dancer and the musician do not execute the
samewaks. The muscian (on adefault walk)
leaves the yelow plazatile heading towards the NE
(the default direction for awest corner).
Meanwhile, the dancer, who uses the green plaza at
the top of Fig. 7 asawalk target, shorts out due to
the presence of the roadblock on the shortest route
to that target. On this blockage-shorted walk, the
dancer traces as much of the route to her target (one
square of travel) as possible before the roadblock
prevents further progress, and then completes the
rest of her (total length = 35 squares) shorted walk
trapped in the little piece of road to the left of the
roadblock wandering aimlessy in random mode.
Thus, the dancer moves SE on the first square of
travel, so a difference between the walks of the
musician and dancer revedsitsdf immediately. The
juggler's SW wak aso shorts out due to blockage
because the same roadblock that stopped the
dancer aso gets between his wak-start (blue road)
and histarget (yelow plaza). The juggler, therefore,
proceeds in destination mode straight along the
route to the yellow plaza square asfar as he can
without hitting the roadblock, and then convertsto
random mode (without reversing course) to use up
the remainder of his 35-square shorted walk.

At the end of their blockage-shorted walks, the
juggler and dancer both vanish and return to the
pavilion immediately to Sart a coffee break. The
musician does not vanish, because sheison a
default walk and has a road-connected path to the
pavilion’swak-finish square. At the end of random
mode, she converts to destination mode to get to
her wak finish, which lets her pass through the
roadblock.

At the end of the Applied Ambulomancy section
below, severa roaming walks made by entertainers
from a pavilion are andyzed including both
teleporting and non-teleporting confused walks.
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Discussion

An undergtanding of the agorithm used by Pharach
to generate roaming walks can affect city desgnin
ways that vary from modest to profound. At the
very least, we now know enough not to make
connections to external roads through a roadblock
from a stub road included within a housing block to
hold avenue. Any service-providing buildingsin the
block that found walk targets on externd roads
connected to that roadblock would shoot their
roamers (on the affected blockage-shorted walks)
Sraight into the stub road, which could cause the
usud faluresto loop that we have grown to hate.
Payers who can ssomach a bit of square counting
may find themselves cdebrating (rather than
grudgingly tolerating) three-way and four way
intersections by incorporating them into compound
housing block designs (like two blocks fused through
afour-way intersection to make a figure-eight) that
permit one block’ s worth of service buildings to
support two or more block’ sworth of housing.
Massve indugtrid blocks can be kept fully saffed if
blocked shorting is used to force the |abor seekersto
head toward the housing instead of wandering about
amlesdy. More gpplications are out there waiting
for usto develop. | hope you have as much fun
predicting and controlling roaming walkers as | have.

Researchers suffer from a seemingly irrestible
need to coin Latin and Greek jargon for the objects
of their sudy, and | find mysdf susceptible to this
compulson We now have a body of knowledge
that we could call smply (and far too intelligibly to be
satisying) “roaming walker theory” or
“roamerology”, but where would the fun be in that?
Instead, | hope that readers will not begrudge the
author’ s little reward to himsdlf for histime and
trouble in developing the information related above:
anew word for thisfidd of study. For this purpose,
we can reach again for the same Latin word
“ambulare’ (to walk) that | used yearsago in
manufacturing the term quadramble and



combineit with the“-mancy” that appearsin
“necromancy” (Middle English, from Old French -
manci e, from Late L&in - mant a, from Greek
mantei a, -manteia, from nant euest hai , to
prophesy, from manti s, prophet) to produce a
delightful little word for the prediction or “divination
of waking” and the same word that began this
atide Ambulomancy.

Applied Ambulomancy

In this section, | explore an example of ahousing block that was stable in one of my labs a very hard difficulty
for severd game decades. Anayzing the quadrambles of sx of the roaming walker-dispatching buildings thet
keep this block running smoothly offers, | think, a much more effective way of learning to practice
ambulomancy than reading a bunch of serile rules affords.

The housing block to be andyzed (Fig. 8) exhibits afew desirable properties. To my way of thinking, the
most atractive feature of the block isthat it is as nearly fireproof as| can devise. (More onthisbelow.) The
block aso provides intersections to support two pavilions and a band stand. Additiona corners can hold
three juggle platforms, athough the one that should have been under the physician is missing from Fig. 8.
Despite the presence of two stub roads and allittle branched dley extending from the main 52- square loop,
there are a least Six pogitions for 2x2 buildings whose roaming walkers would be certain to loop the block on
al four legs of their quadrambles. In Fig. 8, the positions are shown occupied by five water suppliesand a
physician’'s office. At least five other postionsfor 2x2 buildings are marked with schools, to denote locations
from which roaming wakers will loop the block during three out of the four legsin their quadrambles.
Certainly, ared housing block does not need five water supplies or five schools, o most of those locations
could be replaced by housing. The police station can also be replaced by a shrine, once the courthouse is

added.

alow usto exert agreat ded
of control over the service-
providing roamersin the
block. Firgt, the block
contains only asingle (road-
blocked) connection to the
external road network (not

IR @@@@@@@@@@@@@@@ General design elements.
shown). Second, the block
isentirely surrounded by a

= .'JIZ : The housing block in Fig. 8
5
continuous shdl-like road

has two vitd features that
Figure 8. Housng block with synchronized, one-way firemen. connected through the
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roadblocks at the entrance to the inner loop. As
we will see below, these two features ensure that
agreat many of the quadramble legs of the
roaming walkers in the block are shorted due to
blockage and begin with the walker proceeding
by the shortest possible route toward the
entrance.

One-way firemen, non-confusable long
walkers. The firemen from both firehousesin this
block dwaystravel around the inner loop in the
counterclockwise direction. Therefore, | call
them one-way firemen. This unidirectiond habit
gives better fire suppresson than if they aways
looped but changed directions. The perspective
of residents of the house just below the large
datue in the upper left corner in Fg. 8 helpsto
illugtrate the advantages of one-way firemen. If a
fireman came out of the firehouse dley and turned
right to begin a clockwise loop of the block, he
would very soon pass the house under the large
Satue, but could not possibly passit again until he
had traveled more than 50 squares (back to his
firehouse and out of the dley again). However, if
the fireman turned left the next time he emerged
from the aley to begin a counterclockwise loop of
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Figure. 9. A one-way fire house and itswalk targets.
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the housing block, the house under the statue
would have to wait amost 50 more squares of
travel before the fireman finaly passed it. Over a
hundred squares of travel (plus a coffee break for
the fireman) isalong time to ask a house to wait
without burning & very hard difficulty. If our
fireman aways looped the block in the same
direction, no structure would ever have to wait that
long.

Fig. 9 shows the firehouse on the right in Fig. 8
and the roads of the block. Fig. 9 aso shows map
squares relevant to predicting the walks of the
fireman emerging from this firehouse. The four
routing centers of the firehouse are marked by
smdl statues, the NW routing center falsin aroad
square. Around the SW firehouse (bottom of Fig.
9), the dgorithm examines the entire innermost
search ring, marked by desert squares (including
the square under the smdll statue), without finding a
road. In the second search ring, the dgorithm
finds aroad square (green road square) connected
to the firehouse so the search stops, and the green
road square becomes the target for the SW leg of
the quadramble. The shortest circuit from this
target to the firehouse has aroadblock on it 28
sguares from the firehouse' s start square, so the
SW leg of the fireman's
quadramble shorts due to
blockage. The distance from the
dart squareto thetarget isalso
greater than 42 squares, so the
SW leg of the fireman's
quadramble is actudly doubly
shorted. Fortunately, firemen
have never been reported to go
on confused walks. Abovethe
NW routing center (left Sde of
Fig. 9), the dgorithm findsa
connected road square in the
second square it searches. the
NW walk target shown as
another green road square.
Again, thereisaroadblock aong



the short circuit within 43 squares of the firehouse
s0 the NW leg of the fireman’s quadramble aso
shorts due to blockage. Above the NE routing
center (top of Fig. 9), the dgorithm findsaNE
target in the first square it searches. The same
roadblocks at the housing block entrance again
cause the NE leg of the quadramble to short due
to blockage. In the seventh square thet the
agorithm searches around the SE routing center,
the agorithm finds the road square under the
green roadblock. If ever atarget was blocked,
thisoneis. Thus, dl four legs of the firehouse's
quadramble are shorted due to blockage.

The SW, NW, and NE legs of the fireman's
quadramble function identicdly. Indl three
cases, the fireman leaves his (blue) walk sart
sguare in destination mode dong the 27-square-
long shortest road (the lower long road of the
main loop in Fg. 9) to the pink plaza square next
to the block’ s entrance. In comparison, it would
take him 33 squares to reach the pink plazaif he
turned right when emerging from the firehouse
adley to take the upper long road to reach the
same plaza square. On the pink plaza square
next to the block entrance, the fireman shiftsto
random mode for the remainder of the 43 squares
of hisroaming walk. Thistakes him to the pink
plaza square on the upper road of the main loop.
On this plaza, he reverts back to destination
mode with his (red) walk-finish square as his
degtination. On these three legs of the fireman's
quadramble, heisin destination mode while
passing through the three-way intersections
housing the two pavilions and the bandstand, so
he aways turns the way we want him to. Over
decades of watching thisblock, | have never seen
afireman enter either stub road.

On the SE leg of the fireman's quadramble, he
begins in degtination mode but only until he arrives
at the (unmarked) road square directly below the
green roadblock (one square to the right of the
ydlow plaza). Thisisfar enough to get him
through the band stand and the lower pavilion.
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Below the green road block, he convertsto
random mode for the remainder of the 43-square
roaming hdf of hiswak, which ends with the
fireman on the pink plaza square a the top of the
main loop. Again, he converts to destination mode
for thereturn trip to his (red) walk finish square,
which carries him safely through the upper
pavilion.

Although it is unaesthetic, the green roadblock is
essentid to ensuring that dl four legs of the
fireman’s quadramble have the same duration. If
we removed the green roadblock and the road
square benegth it, the dgorithm would find the
ydlow plaza square when it searched for awak
target around the SE routing center. Since thereis
no roadblock between the firehouse and the
ydlow plaza, the agorithm would not short out the
SE leg of the fireman’s quadramble. Instead, a
grounded walk would be generated. On thisleg,
the fireman would travel via the shortest route to
the yellow plaza where he would convert to
random mode for an additional 43 squares of
travel. Thisbrings him to the upper three-way
intersection with eight more squares of travel in
random mode remaining. If he happened to turn
left at this intersection, and then left again & the
next (towards his firehouse) he would be very
close to hiswalk-finish square. Or, he could turn
right into the upper pavilion's stub road, turn
around and turn back along the upper long road of
the main loop, in this case he would be much
further than a square or two from his wak-finish
sguare when the roaming half of hiswak ended.
Thus, the duration of the fireman’s SE walk could
not be relied upon to be the same as the durations
of the other three legsin his quadramble. Adding
the green roadblock converts the grounded SE leg
to a blockage-shorted leg.

The other firehouse is one square to the | eft of
the one shown in Fig. 9. The routing centers of the
second firehouse would lie one square to the left of
those shown in Fig. 9. The NW and SE walk
targets are exactly the same square as they were



for thefirg firehouse. The NE and SW wak
targets and one square to the left of the green
road squares a the top and bottom of Fig. 9
marking the andogous targets for the first
firehouse. Consequently, dl four legs of the
second firehouse' s quadramble short out due to
blockage, just as happened for the first firehouse.

Because the second firehouse is one road
suare closer to the main loop than the first
firehouse, the second fireman’stota travel
distance to complete one leg of his quadramble
(57 sguares) is actudly two squares shorter than
the firg fireman’'s 59-square totd travel distance.
(One square less to reach the nearest three-way
intersection from hiswak start square, and one
suare less to reach hiswalk finish square from
the same intersection when returning) One might
think that the firemen from these two firehouses
could not be synchronized because they travel
paths of different length, but thisis not true. For
firemen, paths of 57 and 59 squares are in the
same synchronization group (as described above
in the section on Synchronized Firemen, p. 12).
If you place the two firehouses at the same time,
the two firemen will emerge Sde by sde
smultaneoudy from the firehouses, and then the
firg firehouse' s fireman will follow the second
fireman dl the way around the block. When they
return (second fireman il leading) the second
fireman will reach hiswak finish square and
vanish while the firg fireman walks two more
sguares before vanishing. The second fireman
takes alonger coffee break than the firgt fireman,
and shortly they appear smultaneoudy side by
Side to repest the process al over again.

Of course, two fireman are little better than one,
if one follows hard on the hedls of the other.
Much more effective fire danger suppressonis
achieved if the two fireman are on nearly opposite
Sdes of the block from one another. If thefirst
firehouseis placed first, but the second firehouse
isnot ingaled until the firg fireman reeches the
south corner of the main loop (close to the
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block’ s entrance), then the second fireman should
follow the firgt around the loop separated by alittle
more than 26 road squares. The two fireman will
stay separated by this gap for many game
decades. | have more than a game century of
experience with housing blocks at very hard
difficulty with pairs of these completely shorted
out, one-way, half-aleg-out-of-phase firehouses,
and have never had fire break out in one of them.
Indeed, | ran the block shown in Fig. 8 (with other
buildings replacing some water supplies but with dl
the schools shown) plus the mogt flammable
housing available (cottages) for severd decades at
very hard difficulty to make sure thefire
suppression was rock solid: no fires.

The physician, a non-confusable short walker.
Fig. 10 shows the critical squares used in andyzing
the quadramble of the physician. AsinFig. 9, the
routing centers are marked with smal atues, the
four walk targets near these routing centers are
highlighted as green road squares. Empty search
rings are shown as desert squares, and previoudy
examined squares in the same search ring as a
target are shown as grass.

The NW and NE legs of the physicians
quadramble clearly short out due to blockage,
since the shortest circuit to either of these targets
must pass through the roadblocks at the block’s
entrance. Judt like the firemen did on their three
walks that shorted out on the shdll, on hisNW and
NE legs, the physician heads via the shortest route
to the pink plaza square next to the entrance. On
that plaza, he converts to random mode and
proceeds to the next pink plaza square, at which
point he is 26 squares (= d for aphysician) from
hiswadk gart. There, the roaming portion of his
walk ends, and he converts to destination mode
for the return to hiswak finish (red) square. The
route to the red square is 25 squares long if he
continues around the block in the clockwise
direction. If he reversed course and retraced his
steps, he would have to travel 27 squares to reach
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Figure 10. A physcian’soffice and walk targets. North to upper left.

hiswak finish, so he completes the clockwise
loop.

The dgorithm finds targets on the main loop
(green road squares) for the physician’s SE and
SW walks. Neither of these targets are blocked
s0 the walks are grounded. On his SE leg, the
physcian travels in destination mode from his
(blue) wak start square to the green road square
(towardstheright in Fig. 10). On that target he
converts to random mode and continues for
another 26 squares to the yellow plaza square.
He then switches back to destination mode for
the trip hometo hiswalk finish. The shortest
route home takes him through both pavilions and
the bandstand without entering the road stubs.

Onthe SW leg of the physcian’s quadramble
he loops the block in the counterclockwise
direction. Clearly, the shortest route to his
(green) SW wak target runs through al the three-
way intersections, S0 thisis how he begins histrip
(safely in degtination mode while passing through
the venues). On his SW walk target he enters
random mode for an additional 26 squares of
travel to the green plaza square, on which he
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returns to destination mode for the
(short) trip to hiswalk finish
square. Thus, he loops the block
clockwise on three of his
quadramblelegs. Only on his SW
leg does he loop the block
counterclockwise.

Thearchitect, a confusable long
walker. Architects are confusable
long walkers. We can count on
them remaining visble and effective
aong the entire length of grounded
walks and singly shorted walks, but
they may vanish (for quick reuse)
or go off road on a doubly shorted
(confused) walk after 43 squares
of predictable travel. The housing
block in Fig. 8, therefore, is
arranged to ensure that dl damagable buildings
and shrines will be passed by the architect within
the first 43 squares of histravel on doubly shorted
walks. His grounded walks execute complete
circuits of the main loop, so they sarvice dl the
damagable structures as well.

Fig. 11 showsthe critical squaresfor predicting
the architect’ sbehavior. The SW and NW walk
targets are clearly shorted dueto distance. The
SW walk target aso lies 49 road squares (viathe
shortest route) from the architect’ swalk sart
sguare and the NW target is even further away, so
both of these walks are doubly shorted and
generate confuson after the walker hastraveled
hisfirst 43 squares. For both the SW and NW
walk, the architect travels via the shortest possible
route to the pink plaza square (Fig. 11) next to the
block’ s entrance and then converts to random
mode for the rest of the 43 squares of his
predictable outward-bound travel. He reaches the
upper three-way intersection with two squares of
predictable travel remaining. Inmy lab, he
sometimes turns into the stub then comes back to
the intersection and then vanishes. If | remove the



I
5 = =

Figure. 11. The architect’s office and walk targets.

house under the large statue next to the upper
three-way intersecion, the architect frequently
goes off road across the squares occupied by the
house. Sometimes he turns left, then walks two
sguares and vanishes. In any event, his behavior
after reaching the upper three-way intersection is
irrdlevant, snce he has dready passed the
courthouse, dl the shrines and both temples.

The target for the NE leg of the architect’s
guadramble (uppermost green road square in Fg.
11) isnot at al blocked, so it is used to generate
agrounded wak. Onthiswalk, the architect
smoothly passes through al of the three-way
intersections (without getting distracted by the
dubs, since he'sin degtination mode until he
reaches histarget) and then converts to random
mode for another 43 squares of travel. Thatisa
more than sufficient distance to carry him dl the
way around the main loop, past dl the damagable
sructures, past his own walk-finish square, and
into the lower three-way intersection (Fig. 11)
with afew squares of waking left in him. We do
not care how he spends these, because he soon
returnsto his wak-finish square.
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The architect also executes
agrounded walk for his SE
leg. Continuing on for 43
sguares beyond his SE target
(green road square on the
right, Fig. 11) brings him into
the uppermost three-way
intersection with nine squares
remaining to travel, and my
architect surely did mess
around in the stubs and the
firehouse aley before
converting to destination mode
for the trip back to hiswalk-
finish square. Once again, we
don’t care if he gets distracted
like this, because he has
dready passed dl the
damagable structures.

Only the architect’s NE walk is guaranteed to
pass through al three venue-supporting
intersections. The two confusable walks (SW and
NW) and the grounded walk to the SE dl hit the
uppermost intersection (Fig. 11) in random mode,
S0 the architect might reverse course and retrace
his steps dong the upper long road of the main
loop. Therefore, | advise againg rearranging the
block in Fig. 8 in away that replaces the schoal
and two water supplies on the left with damagable
structures.

The magistrate, a non-confusable long walker .
| think that magigtrates look marveloudy dignified
while making their rounds. It would be ashame if
the magistrate who patrols the block shownin Fig.
8, embarrassed himsdlf by rattling around in venue
stubs. Fig. 12 shows the important squares for the
magidrate. Thewalk targets strikingly resemble
those for the (nearby) fireman examined above.
The SW, NW, and NE walk targets dl lie on the
shdll road causing those legs of the magidtrates
quadramble to short due to blockage. Just like the
fireman, the magidrate’ s SE walk shorts out on the



Figure 12. The courthouse and its critical squares.

green roadblock. The SW, NW, and NE walks
begin on the blue square and travel (viathe lower
main loop road) to the pink plazatile, where
conversion to random mode occurs which lasts
until the magidrate reaches the green plaza
sguare. On the green plaza, the magistrate
converts to destination mode for the return trip to
hiswalk finish (blue road square, again). On the
SE leg of his quadramble, the magidrate only
proceeds as far as the yelow plaza squarein
degtination mode, but that is till far enough to
carry him past two three-way intersections. Just
like the other thee legs, the random portion of his
SE wak ends on the green plazatile (43 squares
of totd travel from hiswak gart), and he returns
to his blue walk finish square in destination mode.
At no time does the magidtrate enter a three-way
intersection in random mode, S0 he never enters
the stub roads.

If we removed the blue road square, the
magistrate would use the red road square as his
wak gart. All four legs of his quadramble would
till be blockage shorted, but the 43-square
roaming portion of these waks would begin on
the red square. He would reach the upper three-
way intersection in random mode after 40 total

squares of travel from his
walk start, and would be able
to enter the upper stub road.
Since | regarded that as
unaesthetic, | prevented it.

Musicians and dancers,
confusable medium
walkers. Thelower pavilion
provides better entertainment
coverage to the block in Fig.
8 than the upper one does, s0
this section explores walks
and teleportation from the
lower pavilion. Fig. 13 shows
the routing centers (small
datues) and walk targets (and
potentia teleporting start squares). In the absence
of teleportation, any entertainer who is sent on the
pavilion's SE quadramble leg executes a grounded
wak with the yellow plaza square as the walk
target where destination mode converts to random
mode for an additiona 35 squares of trave to the
go-home point one square short of the NE routing
center. The entertainer Says visble during his’her
destination mode return, since this was a grounded
wak. Thereault isthat the entertainer loopsthe
block counterclockwise.

A non-teleporting entertainer dispatched on the
NE leg of the pavilion's quadramble executes a
grounded walk traveling (in destination mode) from
the blue walk start square (Fig. 13) to the green
plaza square (the upper pavilion’s stub road),
where conversion to random mode for 35-more
squares of travel occurs. The entertainer cannot
continue in the same direction he had been going
because he has run out of road and must return,
indtead, to the intersection. Thisis pretty much a
wasted walk, since we cannot predict where the
entertainer is going to go in random mode a this
intersection.

A non-teleporting entertainer executing either the
SW or NW leg of the pavilion's quadramble will
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Figure 13. Criticd squaresfor a pavilion with the dance stage located as
shown. Not dl of the squares searched around the SW search center (small
statue) that are examined before the SW walk target is discovered by the

agorithm are shown.

be doubly shorted (blockage and distance) and
will enter confused mode after 35 squares of
travel. Thewak beginsin destination mode to
the main loop road square next to the roadblock
at the block’ s entrance. The entertainer continues
in random mode until atota of 35 squares have
been walked from the blue walk start square.
These 35 squares of travel carry the entertainer a
little beyond the midpoint dong the upper long
road of the main loop. At that point, the
entertainer enters confused mode, and his or her
behavior cannot be predicted with confidence.
When | built thisblock and ran it for severd
decades, | observed al three types of pavilion-
generated entertainers frequently executing this
wak. In practice, the entertain would continue
sraight along the upper long road of the main
loop and vanish right on the three-way
intersection of the upper pavilion, presumably
because her or she ran into the resdence a the
end of the street. In the absence of that housg, |
would expect the entertainer to continue going
draight, right off the end of the road.

Tdeportation from the
Pavilion. Although the
ydlow and green plaza
suares were certainly used
as teleported walk-start
sguaresin my housing
block of the design shown
OO inFig. 8, the green road
square (in the lower left
hand corner of Fig. 13) and
the pink plaza square
aboveit werenot. This
was because my city had
indudtrid block roadsin the
areas shown as desert
squaresin Fig. 13, so the
agorithm found higher
priority road squares that
became the actua walk
targets or teleporting walk-
start squares on these two walks. A dancer or
musician who uses the green plaza square in the
upper stub road of Fig. 13 as ateleporting walk-
dart square will make a grounded walk with the
ydlow plaza square as the walk target that will
enable the entertainer to loop the block in the
counterclockwise direction.

A dancer or musician who uses the yellow plaza
square as atdeporting wak-sart square will have
awak target lying somewhere in the lower region
of desert squares below the dance stage in Fig. 13.
The wak will be confused by double shorting (due
to distance and to the roadblocks at the entrance
to the housing block). The entertainer will travel
(in destination mode) from the blue walk-start
sguare to the inner loop road square right next to
the roadblock at the entrance. On this square the
entertainer switches to random mode and
continues up the road, around the corner, and NW
along the upper long road of theinner loop. At
little after the midpoint dong this road (after they
walker has traveled 35 squares from the walk
dart), the entertainer switches to confused mode



and becomes unpredictable. In the actua block
that 1 ran, the confused entertainer smply
continued walking in the same direction until he or
she arrived at the three-way intersection of the
upper pavilion and then vanished.

If amusician or dancer used the green road
square (lower left of Fig. 13) asateleporting
walk-gtart square, then he or she would execute a
grounded walk with the pink plaza square asa
walk target. In practice, the odds are good that
there will be roadblocks between the SW target
and the NW target squares, so thiswalk will
probably short out due to blockage, and in my
city it shorted doubly and eventudly sent the
entertainers who executed thiswalk out into the
weeds in confuson. Thisisnot auseful walk.
Walks usng the pink plazatile as atdeporting
wak gtart square are Smilarly usdess. Such an
entertainer would have the green plazatileasa
walk target In the absence of roadblocks on the
shdll road, the entertainer would travel 35 squares
aong the shortest route (lower long shell road)
heading towards the roadblocks at the entrance
to the housing block before becoming confused.
In actud practice, my entertainers never made it
to the housing block’ s entrance because they
quickly ran into roadblocks.

The combination of terrestrid and teleporting
walks that issued from asngle pavilion with a
dance stage located as shown in Fig. 13 kept my
housing block (of the desgn shown in Fig. 8)
stable for decades. Certainly the houses
adjoining the lower long main loop road were
kept saturated for entertainment by al the newly
arived entertainers waking from the entrance to
the pavilion. If aplayer fdt uncomfortable reying
on the lower pavilion done (with dl the inherent
unpredictability associated with teleportation),
ingdling the upper pavilion will guarantee that
newly arriving entertainerswill dso passby dl the
houses dong the upper long road of the main
loop.

In addition to running the housing block shown
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in Fig. 8 for decades in one of my walker labs, |

a o recently ran adight modification of it in Sauty
(again for decades, because | am dow) built at
very hard difficulty. The firehouses worked
perfectly and never needed to be reset. The lower
pavilion alone was enough to keep afull load of
elegant residences entertained and stable.
Towards the end of the game when | needed to
boost my culture rating, the presence of the other
three-way intersections as Stes for another pavilion
and a bandstand proved invauable.



